Aim and Objective: Lower lumbar burst fractures are rare entity with most of the literature restricted to small case series. There is no clear cut consensus on the guidelines for management. Here we present functional results of different modalities of treatment of this rare type of spine injury. Material and Methods: The study was conducted at two tertiary care centres over a period of 9 years. Patients with lower lumbar burst fractures were evaluated for associated injuries, modality of treatment, Pain score (VAS) and neurological status (Frankel Grade) at the time of injury and at final follow up were recorded. The final functional outcome was evaluated using Smiley-Webster functional score. Results: A total of 34 patients with an average age of 37.3 years (24 males; 10 females) and a mean final follow up of 27.9 months were enrolled. 21 patients had L3, 8 had L4 and 5 had L5 burst fractures. 10 patients were managed conservatively by brace and 24 underwent surgical intervention. The pain score (VAS) improved from a mean of 8.5 at the time of injury to a mean of 1.6 at final follow up. Patients with neurological injury had on average improvement of one Frankel grade. 88% patients had excellent to good final functional outcome. Conclusion: Lower lumbar burst fractures are high velocity injuries with other non-spinal injuries being associated. Most of the patients have good functional outcome with both conservative as well as surgical intervention. Patients with complete cauda equina have poor outcome with respect to neurological recovery.
Introduction
Burst fracture is a type of vertebral fracture which involves both the anterior and middle column of the spine with varying degree of retropulsion of the bony fragment(s) in the spinal canal [1, 2] . Burst fractures most commonly affect thoracolumbar junction. Burst fractures involving lower lumbar spine are rare accounting for 1 to 4% of all the spine fractures [3, 4] . Besides, lower lumbar spine fractures are unique with respect to anatomy, biomechanics and neurology [5] . Strong iliolumbar ligaments and presence below the pelvic brim give additional stabilization to this part of the spine as compared to thoracolumbar spine [6] . Due to physiological lordosis in lower lumbar spine, axial compression forces produce a uniform compression of vertebral body with lesser chances of anterior collapse after treatment and subsequent khyphotic deformity, which is different from thoracolumbar junction injuries where axial compression produces more compression anteriorly due to physiological khyphosis [1, 2, 6, 7] . Widest spinal canal and presence of only nerve roots makes neurological involvement less common than in the thoracolumbar region fractures [8] Since nerve roots of the cauda equina carry lower motor neurons, injury to these behaves like peripheral nerve injuries [9, 10] . With respect to thoracolumbar injuries there are definitive classification systems and guidelines about the management. But with lower lumbar spine fractures, the literature is limited and there are no well defined classification systems and management protocols [11] . Here we present the functional outcomes of burst fractures of lower three lumbar segments that had been managed by different well documented and known modalities at two different tertiary care centres.
Material and methods
This prospective study was conducted at two tertiary care centres over a period of nine years from January 2008 to December 2016. The study included all the subjects who had traumatic burst fracture of any of the lower three lumbar vertebrae (L-3 to L-5) and were of the age of 18 years or above but less than 65 years. Patients with pathological fractures or multiple level spine fractures or those who had follow up of less than 24 months were excluded. Patient's age, sex, mode of injury, level of burst fracture and associated injuries were recorded. Complete neurological examination of each case was done and neurological injury was graded according to Frankel Grading System. The local pain was graduated as per visual analogue scale (VAS). The type of intervention that was performed was recorded. Complications, if any, were documented. At the final follow up the neurological status was graded again as per Frankel Grading System and local pain by VAS. Frankel grade and VAS at the time of injury and final follow up were compared. The final functional results were graded as per SmileyWebster Scale, based on occupational status before injury and at the final follow-up (Table I) . The data collected was analysed using Statistical Package for the Social Sciences (SPSS) software and results expressed as mean ± SD. For statistical analysis ANOVA test was used to compare the outcome between non-operative and operative group. A p-value less than 0.05 is considered statistically significant and a value less than 0.01 is highly significant. Ten patients had associated injuries of the other systems. Calcaneal fracture was the most common associated orthopaedic trauma (n = 3). One patient had bilateral calcaneal fractures and two had unilateral. One patient with unilateral calcaneal fracture had a talo-navicular dislocation in the contralateral foot. One patient had a proximal tibial fracture and one had distal radius fracture. Two patients had abdominal injuries (sigmoid perforation and splenic laceration) and both were associated with seat belt injuries.
Two patients had closed head injuries and one patient had chest trauma (multiple rib fractures with haemothorax). Twenty two patients had no neurological deficit. Among 12 patients with neurological deficit, 3 had complete cauda equina syndrome, 4 had incomplete cauda equina syndrome and 5 had isolated nerve root injuries. The neurological status was graded as per Frankel Grade (Table II; Table III ). The local pain prior to any intervention and at final follow up was graduated as per VAS (Table II) . The mean pain score before any intervention, (conservative or surgical) was 8.5 ± 1.1 (range of 7 to 10) on VAS. Ten patients were managed conservatively by a brief period (1 to 5 days) of bed rest followed by immobilization in a brace (thoracolumbosacral orthosis) for a period of 10 to 12 weeks ( Figure 1 ). In all cases short segment pedicle screw fixation involving only three segments or vertebrae, including the fractured vertebra, was performed except for two cases of indirect decompression in which long segment pedicle screw fixation was used. All the surgically managed cases were approached posteriorly. Anterior approach was not performed in any of our cases. The final follow up ranged from 24 to 39 months with an average follow up of 27.9 ± 4.3 months. At the final follow up the average VAS was 1.6 ± 0.9 (range of 0 to 3). The neurological status at final follow up as per Frankel Grade is elaborated in Table II All the patients with isolated nerve root lesions had complete neurological recovery. Functional outcome at final follow up was graded as Excellent in 25 (73.5%), Good in 5 (14.7%), Fair in 2 (5.9%) and Poor in 2 (5.9%) patients (Table II) . All the patients treated non-operatively had excellent results at the final follow up. 
Discussion
Lower lumbar fractures are rare fractures with very few reports and series in the literature [15] . Most of the literature pertaining to burst fractures is on the thoracolumbar fractures which are more common and are usually associated with neurological injury and saggital misalignment [11, 16] . And hence all the classification systems and guidelines for management are those for the thoracolumbar region. There is no classification system for lower lumbar fractures which are unique in anatomy, biomechanics and neurology and most spine surgeons use the Dennis classification system for these fractures as well [1, 5] . The lower lumbar spine is lordotic with its apex at L3 vertebra, is flexible in terms of flexion extension arc and in addition is protected by strong ligaments, muscles and the pelvic brim which make fractures at this level less common and even if they occur, high energy trauma is required and they are usually stable [6, 15, 16] . Motor vehicle trauma and fall from height constitutes most common mode of injury. 6 Falls were responsible for lower lumbar burst fractures in 61.8% patients in our study. Our 29.4% (n = 10) patients had associated injuries. Dai LY (2002) had associated injuries in 68.5%, which may be explained on the basis of higher incidence of vehicular crashes (44.4%) in their series.1 Abdominal injuries of hollow and solid viscera, requiring laprotomy, have been associated with lumbar fractures in 80%. Green DA et al (1991) in their series of 16 patients with flexion distraction injuries of lumbar spine had half of their patients suffering from associated abdominal injuries and all were the result of vehicular trauma with seat belt in place [17, 18] . Our study had two cases with associated abdominal trauma and both were wearing seat belts at the time of vehicular accident. Non spinal skeletal injuries like fractures of calcaneum and tibia are commonly associated and must always be evaluated [15, 19] . In our series calcaneal fracture was the most common associated fracture.
The optimal treat of lower lumbar fractures is a point of debate with no clear cut guidelines on the indications for operative intervention. A general consensus is that spinal canal compromise more than 40%, kyphosis of more than 25 o , loss of anterior vertebral height more than 50%, instability and presence of neurodeficit are indications for surgical intervention [15, 20, 21] . We have managed patients with canal compromise of more than 50% by bracing without any neurological deterioration and excellent results at the final follow up. One case of nerve root lesion in our series was managed by bracing and showed complete neurological recovery at follow up. Even good results have been seen in unstable lower lumbar fractures, managed by conservative treatment [22] . The aim of surgery in these fractures is decompression of the spinal canal with restoration of the anterior vertebral height and lumbar lordosis and stabilization involving minimal vertebral levels [15, 21, 23] . Fusion if required should also be restricted to minimal levels. Long segment stabilization and or fusion have been associated with flat back, implant failure and degeneration in adjacent segments [6, 22, 23, 24] . There is also controversy regarding surgical approach which can be anterior, posterior or combined. Anterior approach carries risk to the great vessels that lie in vicinity but has the advantage of direct access to the pathology and reconstruction of anterior and middle column of the spinal segment and is usually recommended in patients with severe grades of neurodeficits that requires carpectomy [15, 25, 26] . Some surgeons use a combined approach in which decompression is done by anterior approach and stabilization by posterior approach. Nowadays trend is a transpedicular decompression along with placement of the mesh cage and posterior pedicle screw stabilization via same posterior approach [27] . In our series all the cases have been operated by posterior approach only. No case has been approached anteriorly in our series. Indirect reduction using pedicle screw system was done in our series by an open posterior approach in 17 patients. Nowadays this can be done by a percutaneous technique and we do not have any experience with these techniques [28, 29] . Short segment fixation is preferred in lower lumbar spine over long segment to preserve the motion segments [30] . Long segment stabilization was performed in only two cases in our series. The pain score (VAS) in our series has improved from initial mean score of 8.5 ± 1.1 to a mean of 1.6 ± 0.9 at final follow up. Wang US et al (2013) in their series of 12 cases had improvement of mean VAS from 7.8 to 1.8 at final follow up which is comparable to that our study. 30 Mean VAS at final follow up in our series was 1 in the non-operative group and 1.8 in the operative group which is statistically significant (Fratio value = 6.72; p-value = 0.014). Buttler JS et al (2007) in a series of 14 patients with L5 burst fractures had superior results at final follow up with regard to pain control in the cases managed conservatively [31] . Seybold EA et al (1999) in their multicentre study demonstrated no statistically significant difference in long term pain between operative and non-operative group. 6 Patients with long segment pedicle screw fixation have persistent local pain and more complications as compared to short segment instrumentation [22, 23, 24] . We had two patients with long segment posterior pedicle screw fixation and both had a pain score (VAS) of 3 at final follow up. In our series 35.3% patients had a neurological loss at the time of injury which is comparable to 42.8% figures of a series by Seybold EA et al (1999) . Half (n = 6) of the patients with neurological injury (n = 12) had recovered completely at the final follow up. All the 5 patients with isolated nerve root lesions and one patient with incomplete cauda equine syndrome had complete neurological recovery. Patients with complete cauda equine syndrome did not have complete neurological recovery. Patients with neurological injury who have preserved anal tone and perineal sensations have a good prognosis of recovery [32] . Andreychik et al. have found that isolated nerve root deficits at this level have good prognosis for spontaneous recovery with conservative treatment [33] . Dai LY et al (2002) in their series had no significant difference in neurological recovery between operative and non-operative groups. They had better neurological recovery in incomplete lesions than complete lesions (Frankel grade A) , irrespective of the modality of treatment, like that of our series. We could not compare the neurological recovery statistically between operative and nonoperative groups in our series because most of the patients with neurological injury had received operative management (n = 11) while as only one such patient had been treated conservatively. This is the problem with most of the series in the literature, where neurological injuries associated with lower lumbar fractures are managed by decompression. Overall, 88% patients with lower lumbar burst fractures in our series had excellent and good results as per Smiley-Webster functional scale. 11.8% (n = 4) patients could not return to their previous job or activity level and as a result 2 patients with fair results required change of job and daily activities and 2 patients with poor score had to leave their previous job.
Conclusion
Lower lumbar burst fractures are rare spine fractures resulting from high velocity trauma and are associated with higher percentage of non-spinal injuries. These can be managed by both conservative as well as operative interventions. Nonoperative modality has a significant better control of local pain on long term basis than operative modality. Short segment stabilization should be preferred over long segment fixation. Neurological recovery is better in incomplete neurological lesions than complete ones like complete cauda equina syndrome. Isolated nerve root lesions have best prognosis in terms of recovery. Most of the patients return to their original jobs and activity level with either form of management. So both modalities of treatment are viable options for management of these fractures. Shortcoming of this study is that it is not a randomized prospective study and fractures with neurological injury were managed almost exclusively by surgical decompression. So the outcome of neurological injury managed by two modalities could not be compared.
